Introduction
Various carbonaceous feed stocks are widely used for activated carbon production, which is based on the physical or chemical activation method [1] .
A disadvantage of many activated carbons is high ash content in the final product, which can reach 20 wt%. It caused by the use of sawdust, peat, coal, lignite etc. as a raw material [2] . However, the low content of mineral impurities is an important requirement for certain applications of activated carbons (for example, medicine or food industry). In this case activated carbons are subjected to demineralization by inorganic acids [3] . Another method of producing activated carbons with low ash content is the use of a suitable carbon precursor. Carbon black is an example of such a relatively low ash and simultaneously accessible raw material.
There are examples of the preparation of activated carbons with the use of carbon black as a filler in literature. The preparation of porous carbon material from carbon black and pyrocarbon was shown in work [4] . Pyrocarbon is deposited in pores between carbon black particles as a product of pyrolysis of light hydrocarbons at temperatures of 600 -1200 °C. Further, the composites obtained are subjected to activation with steam or carbon dioxide to desired degree of activation of the granules. Material of carbon black particles is burnt off predominantly during the activation due to the higher reactivity. A disadvantage of this material is its high cost which in 8 -10 times more than that for activated carbons.
There is an easier way to obtain porous granular material based on carbon black and liquid or solid binder [5 -9] . According to this method the components are mixed to give pellets from the resulting mixture. Then the pellets are undergone heat treatment at temperatures of 600 -1200 °C in an inert atmosphere. In turn, a disadvantage of these materials is relatively low surface area due to the absence of activation stage of the carbonized carbon pellets. Earlier we have obtained samples of porous carbon material from carbon black and petroleum pitch [9] . Since surface area of this material is relatively low (not more than 150 m 2 /g), it was proposed to use it as a catalyst support. On the other hand, it is obvious that the surface area can be increased by the activation of this material by suitable agent. The resulting carbon adsorbent will retain low ash content which will close to that of the original material. This is why the aim of this research is to obtain samples of activated carbon pellets from carbon black and petroleum pitch and study their properties.
Experimental

Synthesis of activated carbon pellets
Furnace carbon black (the samples were supplied by JSC "Tuymazytehuglerod") with specific surface area 35 m 2 /g and petroleum pitch
with volatile content 52.2 wt% and content of toluene insoluble materials 38.3 wt%, were used for preparing carbon pellets.
The original unactivated carbon pellets were prepared as follows. Ground petroleum pitch (particle size less than 0.4 mm) and carbon black were mixed in a dry kind (for 10 min) and then after addition of the solvent (for 60 min, toluene was used as a solvent). Carbon black and pitch were taken in such a ratio to provide pitch content in the resulting dry mixture (without solvent) 30 wt%. The amount of the solvent added was 4.5 cm 3 per 1 g of the pitch. After that, most of the solvent was distilled off (approximately 70-90 % from all solvent) while stirring the obtained mixture until dense dough-like mass. The mixture was puttied in forms which are cylindrical holes with a diameter of 3.2 mm in a steel plate with a thickness of 3.8 mm. The carbon pellets were removed from the forms after drying at ambient temperature, further they were dried at a temperature of 120-150 °C for 30 min in order to remove the remained solvent. Then the "green" pellets were heated (at a speed of 15 -20 °C/min) to temperature of 700 °C and holding at that temperature for 30 min. The carbonization of pellets was carried out in an inert atmosphere.
Activation of the carbon granules was performed as follows. The sample was placed in a quartz tube through which nitrogen was passed at a flow rate 50 cm 3 /min and heated at a speed of 15 -20 °C/min. When temperature 850 °C was reached, the nitrogen flow was rapidly substituted by steam-nitrogen mixture (80/20, v/v). The activation was carried out with different contact times of pellets with the activating gas, which were varied between 15 -390 min. Upon completion of the activation the steam-nitrogen flow was stopped and the pellets were cooled in nitrogen to ambient temperature. Each sample was labeled as CAX, where X is a degree of burn off (for example, CA14.8).
Characterization of the carbon pellets
Adsorption properties of all samples was evaluated by two characteristics:
iodine number [10] and by measuring and processing benzene adsorption isotherm at 20 °C (a dynamic method was used) [11] .
The former analysis was carried out according to procedure [10] in which iodine number is equal to the amount of iodine adsorbed by one gram of a carbon material from an aqueous solution of potassium iodide under standard conditions.
Benzene adsorption isotherm was measured in the latter analysis. Samples were heated in helium flow at 300 °C for 1 h before immediate measurement of the isotherm. The method is as follows. Mixture of helium and benzene (with a certain concentration of the latter) is passed through a glass ampoule with the sample to the adsorption equilibrium, which is recorded by periodic weighing of the ampoule on an analytical balance. The total flow is obtained by mixing a flow of dry helium and that containing benzene vapor at saturation (i.e. at a relative pressure of 1). All three operations (the formation of a helium flow saturated by benzene vapors, the mixing it with the dry helium flow and the adsorption of benzene on the sample in the glass ampoule) are carried out in the special construction adsorber which is thermostated at 20±0.3 °C. It was shown in the paper [11] that isotherms obtained by this method were in good agreement with that measured by static vacuum unit.
cording to procedure [12] . The assay is based on the filling of carbon pores with water during boiling sample in water for 15 min. Excess water is removed from the pellets surface by suctioning on a filter under standard conditions. The total pore volume is calculated by the formula:
where m -mass of carbon dried, g; m 1 -mass of wet carbon, g; ρ -density of water, g/cm 3 .
Mechanical strength of the pellets was also determined on the device "Prochnomer PK-1" intended for testing of granulated materials for compressive strength. The result of analysis was accepted as mean arithmetic value of 25 separate trials.
Ash content of the samples was determined by burning them in air at 850 °C to constant weight.
Results and discussion
Eight samples of carbon pellets were obtained as a result of the activation.
The degree of burn off dependent on activation time linearly and varied from 4.2 to 89.6 wt%. Adsorptive properties are of great interest for studying among the main characteristics of the samples prepared.
Adsorption isotherms of benzene determined at 20 °C on three samples with different degrees of burn off and on the original unactivated sample are shown in Figure 1 . The Figure shows that adsorption is increasing while increasing the degree of activation (an isotherm is moving up). According to these isotherms surface area of the samples was calculated using the BET equation [13] . The BET plots for the investigated samples were linear in relative pressures of 0.03 -0.3. The constant C was from 100 to 760. Cross-sectional area of the ben-zene molecule was assumed 0.40 nm 2 [14] . The results are presented in Figure 2 which also shows the iodine number for all nine samples.
The Figure On the other hand the data on the iodine number for the investigated samples also are informative (curve in Figure 2 ). The figure shows that iodine number is increasing while increasing the burn-off of the pellets as the surface area and de- fact can be explained that molecular size of iodine bigger than that for nitrogen. This is why iodine molecules cannot penetrate into the narrowest pores formed at high degrees of burn off.
To estimate micropore volume and macropore surface area of the samples the presented isotherms have been converted according to the α S method [13] .
Standard data of benzene adsorption on macroporous sample of the same chemical composition is known to be necessary for the calculation by this method. For this purpose we have accepted the values of benzene adsorption on graphitized carbon blacks presented in the paper [15] . The calculation was carried out for the same four samples which are represented in Figure 1 . α S -plots for samples CA0 and CA61.2 are shown in Figure 3 (the plots have the same shape for the other two samples). Degree of activation, wt% burn off type of plot is typical for microporous materials. This implies that micropores exist even in the original sample which was not subjected the steam activation.
Their origin can be attributed to the presence of micropores either in initial carbon black or pitch coke obtained after heat treatment of the "green" pellets. The plots is rising steeply (this is not shown in Figure) while increasing α to values corresponding relative pressures P/P 0 close to 1. This fact indicates that the benzene adsorption by capillary condensation take place in the larger pores. presented in the Table which shows that both of these characteristics is increasing while increasing the degree of activation. Figure 4 shows that total pore volume is increasing while increasing the burn-off of the pellets and reaches 1.73 cm 3 /g which is a rather large value for activated carbons. Comparing the micropore volume and the total pore volume we can say about the increasing share of micropores in the pore structure of the pellets while increasing the degree of activation (see Table) . For example, the share of micropore for the unactivated sample is of 3% whereas that for the sample CA61.2 is of 16 %. Probably, due to this fact surface area BET for this sample increased from baseline more than 10 times. On the other hand, increasing the macropore surface (see table) indicates the emergence of larger pores. The investigated low-ash carbon material has large pore volume (up to 1.7 cm 3 /g at 60 wt% of burn off) that exceeds one for many commercially available activated carbons. Considering the basic properties (surface area, total pore volume, compressive strength) the production of these carbon materials can be recommended to obtain the degree of burn off in the range 20 -50 wt%. 
Методы исследования свойств углеродных гранул
Адсорбционные свойства всех образцов углеродных гранул оценивали по двум показателям: по йодному числу [10] и путем снятия и обработки изотермы адсорбции бензола при 20 ºС динамическим методом [11] .
Первый анализ выполняется в соответствие с процедурой [10] . Опреде-ленное по нему йодное число равно количеству йода, адсорбированного одним граммом углеродного материала из водного раствора йодида калия при стандартных условиях. 
